Abstract: X-in-the-loop is a new vehicle development and validation method for increasingly complex vehicle systems, which integrates the driver and the environment. In view of recent developments in fuel cell electric vehicle powertrain systems, Tongji University and Karlsruhe Institute of Technology have jointly developed a set of distributed test platforms based on the X-in-the-loop approach. This platform contains models and test equipment for a fuel cell electric vehicle powertrain system. Due to the involvement of remote connection and the Internet, test with connected test benches will suffer great uncertainty cause of signal transfer delay. To figure out this uncertainty, the concept of transparency is introduced. Four parameters were selected as transparency parameters in this distributed test platform. These include vehicle speed, fuel cell output power, battery output power, and electric motor torque under several different configuration settings. With the help of transparency theory and statistical methodology, especially Analysis of Variance (ANOVA), the transparency of these four parameters was established, vehicle speed, electric motor torque, battery power, and fuel cell power are affected by network state, the degree of influence is enhanced in turn. Using new defined parametric and non-parametric methods, this paper identifies the statistical significance and the transparency limitations caused by Internet under these several configurations. These methods will generate inputs for developer setting the distributed test configuration. These results will contribute to optimize the process of geographically distributed validation and joint development.
Introduction
With the development of the automobile industry, the complexity of automobiles is increasing. Therefore, the development of vehicles is no longer a concern of individual companies, but has become a primary focus requiring the combined efforts of a number of companies. This is especially true in the case of electric vehicles, which require additional interdisciplinary cooperation from companies that have never dealt with the automotive industry before. Nowadays, collaboration in vehicle development can take place not only between developers in different locations, but also across companies. This multi-site product development is being studied at some research institutes as an important research field. The trend of globalization, the increasing complexity of automotive carried out by using the analysis of variance method. Furthermore, the robustness and transparency were discussed according to the p-value. Here levels of p-value represent whether the transparency of objects to be compared is consistent.
In this paper, the distributed test platform is located in China and Germany with Internet data exchange interaction. Because Internet data transmission has the characteristics of uncertain delay and packet loss, additional uncertainty is added to the system [19, 20] . Whether the additional uncertainty can be ignored should be discussed. To find out the differences between remote operation and local operation, four transparency parameters were selected, including vehicle speed, fuel cell output power, battery output power and electric motor torque under several different configuration settings in this distributed test platform. With the help of the transparency theory and statistical method, transparency comparisons of these four parameters were carried out. Using parametric and non-parametric detection, the statistical significance and transparency limitations caused by the Internet under these configurations were determined.
System Model

Structure of Distributed Test Platform
Tongji University in Shanghai, China and Karlsruhe Institute of Technology (KIT) in Karlsruhe, Germany jointly developed a distributed test platform for a fuel cell electric vehicle powertrain system based on X-in-the-loop approach. This platform aimed at calculating the energy consumption of the fuel cell drivetrain system and validating the fuel economy of the fuel cell vehicle drivetrain system. Another goal was to remotely connect the distributed platform's developed environment and data transfer capability between two computers-one in China at Tongji Universtiy and the other in Germany at KIT. In KIT, we used a MiniHiL as a vehicle axle to connect the road and transmission and to create a model running at real-time machine rates to integrate the E-motor and transmission. The next task was to include the driver model and energy resource model with a fuel cell and battery, which were placed in a real-time machine in Tongji. Since we tried to compare the results from different connection settings, these two parts were placed on both sides of the virtual or physical model as a configuration requirement. The whole structure of this distributed test platform is shown in Figure 1 . deviation, p-value was carried out by using the analysis of variance method. Furthermore, the robustness and transparency were discussed according to the p-value. Here levels of p-value represent whether the transparency of objects to be compared is consistent. In this paper, the distributed test platform is located in China and Germany with Internet data exchange interaction. Because Internet data transmission has the characteristics of uncertain delay and packet loss, additional uncertainty is added to the system [19, 20] . Whether the additional uncertainty can be ignored should be discussed. To find out the differences between remote operation and local operation, four transparency parameters were selected, including vehicle speed, fuel cell output power, battery output power and electric motor torque under several different configuration settings in this distributed test platform. With the help of the transparency theory and statistical method, transparency comparisons of these four parameters were carried out. Using parametric and non-parametric detection, the statistical significance and transparency limitations caused by the Internet under these configurations were determined.
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Structure of Distributed Test Platform
Tongji University in Shanghai, China and Karlsruhe Institute of Technology (KIT) in Karlsruhe, Germany jointly developed a distributed test platform for a fuel cell electric vehicle powertrain system based on X-in-the-loop approach. This platform aimed at calculating the energy consumption of the fuel cell drivetrain system and validating the fuel economy of the fuel cell vehicle drivetrain system. Another goal was to remotely connect the distributed platform's developed environment and data transfer capability between two computers-one in China at Tongji Universtiy and the other in Germany at KIT. In KIT, we used a MiniHiL as a vehicle axle to connect the road and transmission and to create a model running at real-time machine rates to integrate the E-motor and transmission. The next task was to include the driver model and energy resource model with a fuel cell and battery, which were placed in a real-time machine in Tongji. Since we tried to compare the results from different connection settings, these two parts were placed on both sides of the virtual or physical model as a configuration requirement. The whole structure of this distributed test platform is shown in Figure 1 . According to test targets, the virtual models or hardware on both sides can be combined flexibly. Aimed at transparency research, on the Chinese side of the driver model, the electric control unit (ECU) model, battery model and fuel cell model were chosen, while on German side, the drivetrain model, drivetrain hardware (MiniHiL test bench) and vehicle model were chosen. The data flow between both sides and models are shown in Figure 2 .
According to test targets, the virtual models or hardware on both sides can be combined flexibly. Aimed at transparency research, on the Chinese side of the driver model, the electric control unit (ECU) model, battery model and fuel cell model were chosen, while on German side, the drivetrain model, drivetrain hardware (MiniHiL test bench) and vehicle model were chosen. The data flow between both sides and models are shown in Figure 2 . 
Model of Objects
Powertrain Configuration of Demo Fuel Cell Electric Vehicle
This article focuses on a vehicle's powertrain system shown in Figure 3 . The power sources consist of a fuel cell range extender and a battery system for the sake of quick dynamic response and durability. The fuel cell system can drive the motors and simultaneously charge the battery [21] . 
The Longitudinal Dynamic Model of Vehicle
In order to simulate actual velocity and complete remote driver simulation, it is necessary to build a longitudinal dynamic model of the electric vehicle. The longitudinal dynamic equation of the vehicle is shown in Equation (6) [22] :
The vehicle parameters are listed in Table 1 [23]. 
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Powertrain Configuration of Demo Fuel Cell Electric Vehicle
The Longitudinal Dynamic Model of Vehicle
In order to simulate actual velocity and complete remote driver simulation, it is necessary to build a longitudinal dynamic model of the electric vehicle. The longitudinal dynamic equation of the vehicle is shown in Equation (6) [22] : 
Fuel Cell Model
Proton exchange membrane fuel cells (PEMFC) use hydrogen and oxygen as fuels to generate electrical energy through electrochemical reactions. The oxidation reaction of the anode and the reduction reaction of the cathode are shown in the following formulas [24] :
The fuel cell covers theoretical knowledge including material science, fluid mechanics, thermodynamics and electrochemistry, and its working mechanism can hardly be described by a clear mathematical relation. The complexity of the fuel cell subsystem also makes the dynamic response of fuel cells worse and more affected by their surrounding working environment. At present, a simplified model is established with reference to the models of [25, 26] . In order to describe a fuel cell system more accurately, parameter identification and data fitting are common methods to improve the accuracy of the simplified model and to make its applicability easier to understand. When the load current changes, due to the charging effect, the fuel cell's bipolar plate surface produces a slowly changing voltage. The equivalent resistance R a is connected in parallel with a capacitor C, as shown in the specific equivalent model diagram of Figure 4 . 
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The fuel cell covers theoretical knowledge including material science, fluid mechanics, thermodynamics and electrochemistry, and its working mechanism can hardly be described by a clear mathematical relation. The complexity of the fuel cell subsystem also makes the dynamic response of fuel cells worse and more affected by their surrounding working environment. At present, a simplified model is established with reference to the models of [25, 26] . In order to describe a fuel cell system more accurately, parameter identification and data fitting are common methods to improve the accuracy of the simplified model and to make its applicability easier to understand. When the load current changes, due to the charging effect, the fuel cell's bipolar plate surface produces a slowly changing voltage. The equivalent resistance Ra is connected in parallel with a capacitor C, as shown in the specific equivalent model diagram of Figure 4 . The relationship between the fuel cell internal variables is shown as follows: The relationship between the fuel cell internal variables is shown as follows:
The fuel cell symbols are shown in Table 2 . The output power-efficiency curve of fuel cell is shown in Figure 5 . Other fuel cell values are shown in Table 3 .
The fuel cell symbols are shown in Table 2 . The output power-efficiency curve of fuel cell is shown in Figure 5 . Other fuel cell values are shown in Table 3 . 
Battery
The battery can make up for the lack of dynamic response of the fuel cell and absorb the energy of the brake [27] [28] [29] . Here a packaged ternary polymer lithium battery model is used. Battery and fuel cell are connected in parallel, using a power following strategy. In this paper, the analytic model of the battery will be used. The input is battery current and temperature, and the output will be voltage and State of Charge (SOC). By stationary state the charging mode of our vehicle is constant current-constant voltage (CC-CV) cycle. For this battery model, the following assumptions exist: the internal resistance of the battery model is constant, that is, the internal resistance value is kept constant during the charging and discharging process of the battery, and is also independent of the charge and discharge current; there is no memory effect in the battery. The battery model is mainly divided into three modules: SOC calculation module, voltage calculation module, and a thermal calculation module. The input and output of the battery model and energy management strategy can be expressed as:
The battery symbols are shown in Table 4 . The maximum capacity of the battery is related to temperature. The cell open circuit voltage-SOC diagram is shown in Figure 6 . Other battery values are shown in Table 5 . The drivetrain contains four in-wheel electric motorss. Here, the electric motor model is a quasi-steady-state model. The relationship between torque, rotating speed, and efficiency is shown in Figure 7 . The electric motor values are shown in Table 6 . The drivetrain contains four in-wheel electric motorss. Here, the electric motor model is a quasisteady-state model. The relationship between torque, rotating speed, and efficiency is shown in Figure 7 . The electric motor values are shown in Table 6 . Before the new test configurations are implemented on the high power test benches, they can first be tested on relatively lower power test benches. The goal is to create a development and test environment for new test configurations without compromising the operation on the test stands. For this purpose, a Mini Hardware-in-the-Loop test bench (MiniHiL), which is shown in Figure 8 , was used to create a development environment for new test configurations. Notably, the Mini-HiL proved to be a particularly suitable test bench for this preliminary study.
Further considering the combination of hardware and software, corresponding to the drivetrain model, the MiniHiL test bench was used to replace the drivetrain model. The MiniHiL test bench consists of two electric motors with 1.5 kW power and 6000 min −1 peak speed, with a connecting shaft. Here, one motor can be used as a driving motor, and the other motor can be used as a loading motor. The electric motor parameters are shown in Table 7 [30] . to be a particularly suitable test bench for this preliminary study.
Further considering the combination of hardware and software, corresponding to the drivetrain model, the MiniHiL test bench was used to replace the drivetrain model. The MiniHiL test bench consists of two electric motors with 1.5 kW power and 6000 min −1 peak speed, with a connecting shaft. Here, one motor can be used as a driving motor, and the other motor can be used as a loading motor. The electric motor parameters are shown in Table 7 [30] . 
Communication Settings
In order to ensure communication between the hardware and software for efficiency and longdistance communication quality between the two PCs, a User Datagram Protocol (UDP) was used with virtual private network (VPN) components to ensure the speed of communication and security. Between the MiniHiL platform and the PC on the KIT side, the Controller Area Network (CAN) communication protocol was used to meet the MiniHiL platform communication standards. In addition, considering the actual PCs, computing ability and storage capacity, all PCs used the Ode3 solver, and the simulation step was 0.001 s.
Configuration Settings
Configuration Settings on Location, Hardware and Software
Any difference in the whole structure configuration can have a potential impact on transparency; hence, it is important to set several different configurations, including different locations, hardware and software. A variable-control approach was used to measure the impact of different configurations. The configuration settings on location, hardware and software are shown in Table 8 and details are described afterwards. Because of some hardware factors of the physical object, this 
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Configuration Settings
Configuration Settings on Location, Hardware and Software
Any difference in the whole structure configuration can have a potential impact on transparency; hence, it is important to set several different configurations, including different locations, hardware and software. A variable-control approach was used to measure the impact of different configurations. The configuration settings on location, hardware and software are shown in Table 8 and details are described afterwards. Because of some hardware factors of the physical object, this paper analyzes the network impact from the two settings of simulation and hardware test. Therefore, in the following table, the tests were divided into A1-A4, (simulation test), B1-B3 (physical test). Configuration A1 is under the MATLAB/Simulink simulation environment, which ran a fuel cell powertrain system model, including a driver model, vehicle longitudinal dynamic model, fuel cell model, power battery model and an electric drive system model. All models ran on the same PC. The conditions were tested as per the worldwide harmonized light duty test cycle (WLTC). This configuration is a total simulation environment without hardware components. This configuration is simulation environment standard.
Configuration A2
Configuration A2 is a MATLAB/Simulink simulation environment, under WLTC operating conditions, running the fuel cell powertrain system model, including two modules-each with different models: Module I contains the driver model, the fuel cell model, and the battery model. Module II contains the vehicle longitudinal dynamic model and the electric drive system model as module II. Between the two modules, a one-way 0.2 s delay (roundtrip 0.4 s) is added. The significance of Configuration A2 is that the ideal state output of the fuel cell powertrain system under the fixed delay condition is given in the simulation environment.
Configuration A3
Based on the Configuration A2, Module I and Module II are set in two PCs. Both PCs are in Tongji University. The significance of Configuration A3 is that the output of the fuel cell powertrain system under an Ethernet delay condition is given in a simulation environment.
Configuration A4
Based on Configuration A3, PC1 and PC2 were placed in Tongji and KIT. With Configuration A4 the output of the various parts of the fuel cell powertrain system under long-distance conditions is given.
Configuration B1
Configuration B1 follows the set up in Configuration A2 except that the drivetrain model is replaced by a MiniHiL test bench. The MiniHiL test bench is shown in Figure 4 . All the components are in the same place. The delay between two modules is set to 0. This configuration gives the output of each part of the fuel cell powertrain system under the condition of a real electric motor, and other parts are in the form of a simulated model.
Configuration B2
Configuration B2 has a similar setup to Configuration A3 and Configuration B1. The drivetrain model is replaced by the MiniHiL test bench. Other models of the operating environment remain unchanged. The one-way 0.2 s delay (roundtrip 0.4 s) between the two PCs is set.
Configuration B3
Under Configuration B3, the MiniHiL test bench is placed in KIT and the other components are in Tongji. Configuration B3 gives the output of each part of the fuel cell powertrain system under the condition of the Internet.
Responses under Different Configuration Settings
To analyze the responses under different configuration settings, the roundtrip time under different configuration settings is measured and shown in Figure 9 and Table 9 .
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Responses under Different Configuration Settings
To analyze the responses under different configuration settings, the roundtrip time under different configuration settings is measured and shown in Figure 9 and Table 9 . As shown in Figure 9 and Table 9 , the roundtrip delay of each configuration setting is different. It is worth noting that the hardware itself also has an impact on the round trip time. Under the condition that the delay of each configuration setting is different, the vehicle speed, fuel cell output power, battery output power, and the output torque of the electric motor are shown in Figures 10-13 . As shown in Figure 9 and Table 9 , the roundtrip delay of each configuration setting is different. It is worth noting that the hardware itself also has an impact on the round trip time. Under the condition that the delay of each configuration setting is different, the vehicle speed, fuel cell output power, battery output power, and the output torque of the electric motor are shown in Figures 10-13 .
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As shown in Figure 9 and Table 9 , the roundtrip delay of each configuration setting is different. It is worth noting that the hardware itself also has an impact on the round trip time. Under the condition that the delay of each configuration setting is different, the vehicle speed, fuel cell output power, battery output power, and the output torque of the electric motor are shown in Figures 10-13 . While under Configuration A1-A4, all the components are in the form of a model. Under Configurations B1-B3, the Mini-HiL test bench is added, and the diagrams of fuel cell power, battery power and electric motor torque are divided into two parts. While under Configuration A1-A4, all the components are in the form of a model. Under Configurations B1-B3, the Mini-HiL test bench is added, and the diagrams of fuel cell power, battery power and electric motor torque are divided into two parts.
Transparency Analysis
Nonparametric Statistical Analysis Method
From the above results, the system with several configurations is a nonlinear system. To evaluate the transparency of different configurations, a statistical analysis method, preferably the ANOVA method, should be considered. The ANOVA method was used in this research to measure the transparency of the system. With the ANOVA method, seven kinds of configurations can be regarded as seven different experimental conditions. In each type of experimental condition, the experiment is repeated three times. The standard deviation of the parameters is shown in the Tables 10-13. The data processing platform is IBM SPSS Statistics 19. The variance homogeneity test is an important prerequisite for the ANOVA. The ANOVA method requires that the samples under the respective processing conditions come from the normal distribution respectively. Therefore, using the results of Tables 10-13 the variance homogeneity tests were carried  out. Test results are shown in Tables 14-17 . As shown in Tables 14-17 , except for vehicle speeds under Configurations A1-A4, vehicle speeds under Configuration B1-B3, fuel cell power, battery power and electric motor torque, variance is not homogeneous. Since the ANOVA method requires that the samples under each processing condition should come from the normal distribution population, the ANOVA method cannot be used directly. Non-parametric analysis, also known as the distribution of a free test, was used to mainly solve the overall distribution of the unknown statistical inference and can complete the lower level of measurement data inferred. Common nonparametric methods include the Mann-Whitney U test, Kolmogorov-Smirnov test, Kruskal-Wallis test, etc. Here, the Kruskal-Wallis test is used. The Kruskal-Wallis test is a nonparametric test method that determines whether or not the distribution on the p-value is the same by observing values from multiple independent population samples. Hence, we set the expectation and variance of rank sum T i in Group i:
where µ T i = expectation of rank sum T i in group i; σ T i = variance of rank sum T i in group I H = test statistic. Here H is set to follow the message: "Distribution is the same in the different configurations" [18] . After H is calculated, the p-value can be determined by a look-up table.
According to this method the above data including vehicle speed, fuel cell power, battery power and electric motor torque are processed.
Non-Parametric Test of Vehicle Speed
Assuming that "vehicle speed distribution is the same in the different configurations", if p-value is greater than 0.05, the hypothesis is established.
The box charts in Figure 14a ,b show vehicle speed expressed in two categories to analyze the median, quartile, and tentacles lines of the different configurations and to calculate p-value. In Figure 14 , the median, quartile, and tentacles lines of the different configurations are approximately same. In Configurations A1-A4 the one-way ANOVA method is used and p = 1.000 > 0.050. In Configurations B1-B3, p = 0.008 < 0.050.
Here H is set to follow the message: "Distribution is the same in the different configurations" [18] . After H is calculated, the p-value can be determined by a look-up table.
Non-parametric Test of Vehicle Speed
The box charts in Figures 14a,b show vehicle speed expressed in two categories to analyze the median, quartile, and tentacles lines of the different configurations and to calculate p-value. In Figure  14 , the median, quartile, and tentacles lines of the different configurations are approximately same. In Configurations A1-A4 the one-way ANOVA method is used and p = 1.000 > 0.050. In Configurations B1-B3, p = 0.008 < 0.050. Table 18 shows the comparison of two configurations. As can be seen from Figure 14 and Table  18 , the two significant differences between the two configurations of Configurations A1-A4 are greater than 0.05, as well as the two significant differences between Configurations B1-B3 are less than 0.05; thus, no significant difference exists in the transparency of Configurations A1-A4 for the variable of the vehicle speed, but the transparency of Configurations B1-B3 is significantly different. 
Nonparametric Test of Fuel Cell Power
Assuming that "fuel cell power distribution is the same in the different configurations", if the pvalue is greater than 0.05, the hypothesis is approved. The box charts in Figures 15a,b show fuel cell Table 18 shows the comparison of two configurations. As can be seen from Figure 14 and Table 18 , the two significant differences between the two configurations of Configurations A1-A4 are greater than 0.05, as well as the two significant differences between Configurations B1-B3 are less than 0.05; thus, no significant difference exists in the transparency of Configurations A1-A4 for the variable of the vehicle speed, but the transparency of Configurations B1-B3 is significantly different. 
Assuming that "fuel cell power distribution is the same in the different configurations", if the p-value is greater than 0.05, the hypothesis is approved. The box charts in Figure 15a ,b show fuel cell power expressed in two categories to analyze the median, quartile, and tentacles lines of the different configurations and to calculate the p-value. Table 18 shows the comparison of two configurations. As can be seen from Figure 14 and Table  18 , the two significant differences between the two configurations of Configurations A1-A4 are greater than 0.05, as well as the two significant differences between Configurations B1-B3 are less than 0.05; thus, no significant difference exists in the transparency of Configurations A1-A4 for the variable of the vehicle speed, but the transparency of Configurations B1-B3 is significantly different. 
Assuming that "fuel cell power distribution is the same in the different configurations", if the pvalue is greater than 0.05, the hypothesis is approved. In Configurations A1-A4 and Configurations B1-B3, p = 0.000 < 0.050, which rejects the assumption that "fuel cell power distribution is the same in the structural category". Table 19 compares several combinations of two configurations. As can be seen from Figure 15 and Table 19 , only the significance between Configuration A1 and Configuration A3 and between Configuration A2 and Configuration A4 are greater than 0.05, and the other paired comparisons are less than 0.05. In Configurations A1-A4 and Configurations B1-B3, p = 0.000 < 0.050, which rejects the assumption that "fuel cell power distribution is the same in the structural category". Table 19 compares several combinations of two configurations. As can be seen from Figure 15 and Table 19 , only the significance between Configuration A1 and Configuration A3 and between Configuration A2 and Configuration A4 are greater than 0.05, and the other paired comparisons are less than 0.05. 
Non-Parametric Test of Battery Power
Assuming that the "battery power distribution is the same in the different configurations", if the p-value is greater than 0.05, the hypothesis is approved. Battery power is expressed in two categories, as can be seen from the box charts in Figure 16a ,b, to analyze the median, quartile, and tentacles lines of the different configurations and to calculate p-value.
In Configurations A1-A4 and Configurations B1-B3, p = 0.000 < 0.050, which rejects the assumption that "fuel cell power distribution is the same in the structural category". Table 19 compares several combinations of two configurations. As can be seen from Figure 15 and Table 19 , only the significance between Configuration A1 and Configuration A3 and between Configuration A2 and Configuration A4 are greater than 0.05, and the other paired comparisons are less than 0.05. 
Non-parametric Test of Battery Power
Assuming that the "battery power distribution is the same in the different configurations", if the p-value is greater than 0.05, the hypothesis is approved. Battery power is expressed in two categories, as can be seen from the box charts in Figure 16a ,b, to analyze the median, quartile, and tentacles lines of the different configurations and to calculate p-value. For Configuration A1-A4 and B1-B3, p = 0.000 < 0.050, thus rejecting the assumption that "battery power distribution is the same in the structural category". Table 20 compares several different combinations of two configurations. As can be seen from Figure 16 and Table 20 , only the significance between Configuration A2 and A3 is greater than 0.05, and the other paired configurations' significance is less than 0.05. For Configuration A1-A4 and B1-B3, p = 0.000 < 0.050, thus rejecting the assumption that "battery power distribution is the same in the structural category". Table 20 compares several different combinations of two configurations. As can be seen from Figure 16 and Table 20 , only the significance between Configuration A2 and A3 is greater than 0.05, and the other paired configurations' significance is less than 0.05. 
Summary
From the above analysis it is clear that compared to hardware and software platforms, the transparency of simulated environments is higher and less affected by the network state. The speed and force output is relatively high compared to the power and energy output, which is less affected by the network. This summary is shown in Figure 18 . It is worth noting that the differences between transparency of speed, power, and torque are decided by the step of model building. This powertrain model contains a driver model, which keeps the desired speed and actual speed consistent. However, there are coupling relations between fuel cell power and battery power, and between electric motor torque and power source. Without decoupling the relations, the transparency of power and torque cannot directly measure the 
Conclusions
Based on the X-in-the-loop approach, a distributed test platform for a fuel cell automotive powertrain system was carried out, and the delay conditions under several different configurations are discussed. Combined with remote operating system and psychological knowledge, transparency measures the subjective feelings of remote distributed system operators with the values of several different configurations. The statistical significances of vehicle speed, fuel cell power, battery power, and electric motor torque are given under several configurations. With these statistical values the transparency of different configurations could be compared.
(1) Models of fuel cell automotive powertrain system are developed and several tests of different configurations are carried out based on this system. The results show that vehicle speed, electric motor torque, battery power, and fuel cell power are affected by network state, the degree of influence is enhanced in turn. As future work, the authors would like to study the following issues: (a) decoupling the relations of power and torque; (b) facilitating the development of relevant remote tests and the discussion of test standards; and (c) exploring improvement of transparency using the XiL testing method. 
